of anti-HTLV-1 antibodies in serum and cerebrospinal fluid (CSF) [5] [6] [7] . Inflammatory CSF occurs in 95% of cases of HAM/TSP. Pleocytosis, high protein concentration and dysfunction of blood-CSF barrier are cardinal signs of an acute inflammatory process 8 . Among the chronic inflammatory parameters, intrathecal synthesis of immunoglobulins (total and anti-HTLV-1IgG) remains stable throughout the disease 9 . Studies of magnetic resonance image (MRI) demonstrate atrophy, focal lesions and diffuse white matter abnormalities in the spinal cord and more discrete in brain of HAM/TSP patients 10 . The pathogenic and clinical significance of the brain lesions is not completely understood. The abnormalities could be due to the inflammatory process induced by viruses, such as occurs in spinal cord, or represent lacunar infarctions associated with degenerative microangiopathy, characteristic of the predominant age group in patients 11 .
The investigation of the association between clinical findings, the CSF and imaging was performed to clarify the significance of white matter lesions found on MRI in patients with HAM/TSP.
METHOdS
This descriptive and prospective study included 28 cases of HAM/TSP 7 , seen in the Neuroinfection Outpatient Clinic of the University Hospital Graffrée e Guinle of the Federal University of the State of Rio de Janeiro (HUGG/UNIRIO) for the period between August 2006 and August 2011. All patients underwent MRI of the brain, cervical spine and CSF analysis. The Kurtzke Expanded Disability Status Scale (EDSS) was used to grade the severity of the neurological incapacity 12 .
Normal neurological examination in the EDSS corresponded to zero, while the progression to death was represented by 10. All patients had positive serum and CSF for HTLV-1 determined by enzyme-linked immunosorbent assay (ELISA) (ADALTIS, FDA, Montreal, Quebec), confirmed by Western blot in serum (Diagnostic Biotechnology, Singapore City, Singapore). The presence of cerebrovascular disease was excluded. The study was approved by the Ethics in Research of HUGG/Ministry of Health. All patients signed a consent form.
CSF analysis
It includes cytology, assessment of the total protein concentration and CSF glucose, albumin and IgG in paired CSF and serum by nephelometric method (Dade Behring), and oligoclonal IgG bands in the CSF and serum by isoelectric focusing method (Pharmacia). The albumin quotient (CSF/ serum) assessed the presence of dysfunction of the blood-CSF barrier (Q alb≥8x10 -3 ), whereas the IgG index (Q IgG/Q albumin) ≥0.7 and/or detection oligoclonal IgG bands in CSF showed intrathecal synthesis of total IgG 13 . We used the specific antibody index (AI) to determine the intrathecal synthesis of anti-HTLV-1 (AI≥1.5) 14, 15 .
MRI findings
The patients underwent brain and cervical spinal cord on a 3.0 Tesla scanner (TIM Trio, Siemens, Germany) with the following protocol: 1) brain -sagital T1-weighted images, coronal T2-weighted images, axial FLAIR sequence, axial diffusion-weighted images and axial T1-weighted images after intravenous injection of gadolinium; 2) spinal cord -sagittal T1-and T2-weighted images, axial T2*-weighted images and axial T1-weighted images post-gadolinium administration. Two board certified radiologists evaluated the images and defined the following findings by consensus: presence of white matter T2 hyperintense lesions and its distribution, and presence of indirect signal of brain (proeminence of cortical sulci and fissures, and ventricular enlargement) and spinal cord (diameter reduction) atrophy.
Statistical analysis
It included the Mann-Whitney test to compare numeric data between two subgroups and the Fisher exact test to compare categorical data. The level of significance was 5%.
RESULTS
Characteristics of patients with HAM/TSP -The group of 28 patients with HAM/TSP was predominantly composed by females (2:1); median age: 54 years (range, 35-74 years); median disease duration: 9.5 years (range, 1-28 years). The majority of patients (79%) reported five or more years of symptoms. All patients required support to walk and 46% of them were confined to a wheelchair. The median EDSS was 6.5 (constant bilateral assistance required to walk about 20 meters without resting), ranging from 3 ( fully ambulatory) to 8 (restricted to wheelchair). The onset and progression of disease were bimodal: six patients had an abrupt onset with rapid progression (<5 years) to severe neurological disability ( four paraplegics confined to a wheelchair and two paraparetic, requiring support). In the remaining 22 patients, the beginning was insidious with chronic evolution.
CSF analysis -Abnormal test occurred in 96.5% of the patients with HAM/TSP: 7% had protein isolated high level of protein in CSF, and 89% had inflammatory reaction in CSF. The association between the variables showed that patients with cardinal signs of an acute inflammatory process, such as pleocytosis, had similar duration of symptoms compared to the group with intrathecal synthesis of total IgG and anti-HTLV-1 (Table 1) . There was no association between CSF findings, patient age and disability.
MRI findings -Cerebral white matter abnormalities were seen on the T2-weighted images of the brain in 75% of the patients, with periventricular preferred location (Fig 1) .
Signs of brain atrophy (prominence of cortical sulci and fissures, and ventricular enlargement) occurred in four patients, three of them with concomitant white matter lesions. One of them had pronounced atrophy in the convexity, particularly in the frontal regions, as well in the cisternas and sylvian fissures. Another patient had cerebellar atrophy associated with slight accentuation of cisternas. Regarding MRI of the cervical spinal cord, hyperintense lesions were found in three patients (11%). One of them had hyperintense signal with contrast enhancement. Spinal cord atrophy was found in only one case, characterized by thinning of the cervical spine and the proximal portion of the dorsal medulla (Fig 2) .
A significant association was found between the presence of cerebral white matter lesions and periventricular location with older patients, as well as between periventricular location and absence of acute signs of inflammation in CSF (pleocytosis, protein concentration and dysfunction of blood-CSF barrier) ( Tables 2 and 3 ). There was no association between other brain locations, duration of symptoms and disability (Table 2) . No patients had brain gadolinium enhancement lesions. Spinal cord hyperintense lesions in the white substance of the cervical spine occurred in three paraplegic patients, all confined to a wheelchair: 1. MJRS, 66 years old, 18 years of disease, had acute inflammatory CSF (pleocytosis, high protein concentration and intrathecal synthesis of total IgG), and MRI revealed multiple foci of hyperintensity on T2 diffusely involving the cervical spine; 2. MRI, 40 years old, one year of illness, presented CSF pleocytosis with (17 cells/mm ) and intrathecal synthesis of HTLV-1 antibodies (73.3), MRI image showed an oval hyperintense signal on STIR with contrast enhancement, measuring about 5 mm in diameter in the earlier portions of the cervical cord at C1 (Fig 2) ; 3. MDT, 54 years old, 24 years of disease, normal CSF examination, MRI showed hyperintense signal on T2 images in the C4-C5-C6-C7 associated with atrophy of the cervical spinal cord. Only the patient 2 had gadolinium enhancement in the cervical spinal cord in MRI.
dISCUSSIOn
Changes in MRI of the brain and spinal cord have been found in patients with HAM/TSP 10 . In sense to clarify the origin of and the significance of these lesions, we studied the brain and spinal cord MRI of 28 HAM/TSP patients 7 . We compared the MRI findings with clinical and CSF finding. In the whole patients group studied, 75% of subjects had hyperintense lesions in brain white matter (50% periventricular) and 11%, spinal cord. Indirect signals of atrophy were observed in 14% of MRI of the brain and only 3% of the spinal cord. The frequency of these changes has been variable in the literature: hyperintense lesions in brain (52.4% -84%) and in spinal cord (7.9%) [16] [17] [18] [19] [20] . Atrophy of the spinal cord occurred in 20-74% of the cases. These differences may be due to individual characteristics of the population, such as age, sex, degree of neurological disability, degree of disease progression and duration of symptoms. We observed association between the age and the frequency of T2 hyperintense brain MRI lesions, but not with disease duration, disability and CSF findings. Based on our data, we speculate whether the brain MRI T2 hyperintense lesions could be related with a microdegenerative process associated to the age. Additionally, the presence of acute inflammatory CSF (pleocytosis, high concentration of protein and blood-CSF barrier dysfunction) was found in patients with MRI T2 hyperintense cervical lesions. Interesting, this location is closest to the CSF space and may reflect the cervical cord inflammatory lesion Neurologic disability was severe in our population. All of them depended on support to walk or were confined to wheelchairs, with a median duration of symptoms of 9.5 years (1-28 years). Gessain and Gout reported that, about 10 years after onset of symptoms, 30% of patients were confined to bed and 45% needed assistance to walk 21 . There was variability of the clinical forms: rapidly progressive evolution to severe disability in six patients with <5 years of symptoms and chronic forms. The progression of acute symptoms could reflect a marked inflammatory process that occurs in the spinal cord 22 . Despite the bimodal progression observed in our population of HAM /TSP, there was no significant association between the degree of disability assessed by EDSS and duration of symptoms and findings of brain MRI. One out of six patients with rapidly evolving had enhancement lesion in MRI of the cervical spine and signs of acute inflammation in CSF. This is considered by some authors a malignant form, variant HAM/TSP. Anatomopathological findings appear to be associated with the duration of the myelopathy, in which shorter length of illness is associated with marked inflammation in the spinal cord, whereas predominance of degeneration occurs in patients with more than nine years of illness. The coexistence of chronic and active lesions is described in the intermediate period of symptoms 22 .
The CSF examination revealed the inflammatory origin of this disease in 89% of patients, consistent with the literature (95%) 13, 15 . There was a higher frequency of acute signs of inflammation characterized by pleocytosis (64%) compared to previous studies (26%) 15 . This is in agreement with the clinical findings of severe outcome. In general, patients with signs of acute inflammation in the CSF had a shorter duration of symptoms [median, 6.5 years (1-21 years)]. By definition, it is speculated that, despite the chronic disease, could have occurred reactivation of inflammatory signs of disease activity. Similar to this situation, Iwasaki et al. reported anatomical and pathological changes of active inflammatory lesions in the spinal cord in a case of HAM/TSP with 29 years of disease 23 . Morgan et al. observed no differences between the number, size and location of lesions in patients with HAM/TSP and seropositive controls 19 . The authors found no correlation between volume and number of lesions and clinical characteristics of patients, EDSS, viral load in peripheral blood and production of gamma-globulin. These suggested that the high frequency of abnormalities in white matter in patients infected with HTLV-1 is related to the early presence of inflammation of the central nervous system. However, as patients were matched by the same age, the high frequency of white matter lesions on MRI in both groups could be related to demyelination secondary to degenerative microangiopathy. Kira et al. and Ogata et al. demonstrated, through MRI and autopsy, correlation between the periventricular white matter lesions and cerebral spinal posterior column 24, 25 . The study revealed similar pathologic changes to the brain and spinal cord, with demyelination, loss of axons and thickening of small vessels. The authors explained the absence of inflammatory infiltration by the use of corticosteroids. However, autopsy studies show that inflammatory changes are perivascular infiltration, rarely occurred activated T lymphocytes, as well as damage in the parenchyma 25 . In this study, no significant associations between the presence and location of white matter lesions on brain MRI and duration of illness or disability were found. Nevertheless, we identified an association between older age and the findings of brain MRI, and the periventricular location and no signs of acute inflammation in CSF. Cerebral atrophy was observed in 14% of our patients with HAM/TSP. In the study by Griffith et 18 . The median range of age of the patients consisted of 56 years , and the evolution time was 11.6 years (3-33). In the study by Bagnato et al., 14% of patients had hyperintensity on spinal cord images 16 . Moreover, Umehara et al. studied 11 patients with HAM/TSP with lesions in the spinal cord 10 . The variation in the duration of the disease consisted of three to seven months, 72% had pleocytosis and high protein concentration. MRI showed changes in the cervical, thoracic and cervico-thoracic, characterized by swelling and T2 hyperintense lesions in the posterior or lateral columns. Therefore, the authors suggest the existence of a variant of HAM/TSP and also that the changes observed on MRI would be the reflection of an early and active inflammation in the spinal cord 27, 28 . In our series, three patients (15%) had demyelinating lesions in cervical cord, all with the same degree of disability, paraplegic, confined to a wheelchair, but with differences in duration of illness, the CSF profile and the characteristics of image. In a patient with 18 years of symptoms, CSF examination showed signs of inflammatory activity associated with local immune reaction and multiple foci of demyelination diffusely involving the cervical spine. This is consistent with a pathologic finding of HAM/TSP, in which signs of activity appear throughout disease progression 22 . The other patient had only one year of illness, CSF examination showed signs of inflammatory activity, as well as MRI, showing a single image with hyperintense signal on STIR and contrast enhancement in the cervical spinal cord, consistent with the findings of early active lesions of HAM/TSP 10 . Finally, the third patient, with 24 years of disease, normal CSF, showed atrophy of the cervical and thoracic cord associated with hyperintense signal on T2 image at C4-C5-C6-C7 compatible with the chronic form of HAM/TSP 22 . An interesting aspect is that, although the population studied was found with advanced disease, there was only one case of spinal cord atrophy.
In conclusion, our findings show that the cerebral white matter lesions are nonspecific. These predominated in the middle aged or older patients. Probably, the majority of them have nothing to do with the clinical picture of HAM/TSP. The reported lesions are similar to those found in degenerative microangiopathy. In this study, consistent with the literature, there was no association between the presence of cerebral white matter lesions with sex, disease duration and degree of neurological disability of patients with HAM/TSP. The profile of the CSF, similar to other published studies, showed an inflammatory pattern in the majority of the patients. Spinal cord lesions were associated with active inflammation in the CSF. Moreover, signs of active and acute inflammation (linfomonuclear pleocytosis, high protein concentration and dysfunction of the blood-CSF) were associated with more severe form of HAM/TSP and shorter duration of disease. However, the presence of acute inflammatory CSF findings in patients with longer time of symptoms suggests the persistence of active disease.
